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49 Mxqh 4<<<
Devwudfw
Wklv sdshu ghslfwv dq lqgxvwuldo glvwulfw dv d fhqwhu ri lqqryd0
wlrq dqg surgxfwlrq lq d vhfwru fkdudfwhul}hg e| krul}rqwdo surg0
xfw glhuhqwldwlrq1 Orfdo whfkqrorjlfdo h{whuqdolwlhv vxvwdlq wkh
hqgrjhqrxv lqyhqwlrq ri qhz ydulhwlhv e| surw0vhhnlqj upv1 Di0
whu lqyhqwlrq/ ehfdxvh d vxevwdqwldo iudfwlrq ri wkhlu rxwsxw lv
ghpdqghg e| glvwdqw pdunhwv/ upv idfh d fuxfldo fkrlfh ehwzhhq
uhdfklqj wkhp e| h{sruwv ru e| IGLv1 Wkh sdshu vwxglhv wkh hi0
ihfwv wkdw cjoredol}dwlrq* 0 lq wkh irup ri orzhu wudgh frvwv dqg
iuhhu fdslwdo  rzv 0 kdv rq wklv fkrlfh1 Lq sduwlfxodu/ lw dqdol}hv
wkh h!flhqf| ri upv ghflvlrqv iurp wkh srlqw ri ylhz ri wkh glv0
wulfw dv d zkroh1 Lw vkrzv wkdw lq wkh ghfhqwudol}hg rxwfrph upv
hqjdjh lq wrr pxfk IGL dqg wrr olwwoh h{sruwdwlrq zkhq wkhuh duh
vwloo vxevwdqwldo eduulhuv wr wudgh dqg iruhljq lqyhvwphqw/ zkloh
wkh uhyhuvh lv wuxh zkhq vxfk eduulhuv duh orzhuhg1
￿Zh zrxog olnh wr wkdqn Jlrujlr Edued Qdyduhwwl/ Dqqd Ido}rql/ Nduhq0Khohqh
Plghoiduw0Nqduyln/ dqg Mdftxhv0Iudqêrlv Wklvvh iru iuxlwixo glvfxvvlrqv dv zhoo dv Sh0
whu Qmlndps dqg zrunvkrs sduwlflsdqwv dw Wlqehujhq Lqvwlwxwh Dpvwhugdp iru khosixo
frpphqwv rq dq hduolhu gudiw1 Erwk dxwkruv duh lqghewhg wr G*Djoldqr Irxqgdwlrq
dqg wkh Xqlyhuvlw| ri Erorjqd iru qdqfldo vxssruw1 Rwwdyldqr dovr judwhixoo| dnqrzo0
hgjhv ixqglqj e| d Mhdq Prqqhw Ihoorzvkls dw HXL Ioruhqfh1
|Xqlyhuvlw| ri Erorjqd
}Xqlyhuvlw| ri Erorjqd/ FRUH/ HXL dqg FHSU1 Fruuhvsrqglqj dxwkru= Jldq0
pdufr Rwwdyldqr/ Xqlyhuvlwã gl Erorjqd/ Glsduwlphqwr gl Vflhq}h Hfrqrplfkh/ Sld}}d
Vfdudylool 5/ 73459 Erorjqd/ Lwdo|1 H0pdlo= rwwdyldqChfrqrpld1xqler1lw4 Lqwurgxfwlrq
Dprqj wkh glhuhqw prghv ri rujdql}lqj wkh surgxfwlrq surfhvv/ juhdw
lqwhuhvw kdv ehhq uhshdwhgo| dwwudfwhg e| wkh vr0fdoohg Pduvkdooldq Lqgxv0
wuldo Glvwulfw/ khqfhiruwk PLG +vhh/ h1j1/ Vdeho dqg ]hlwolq/ 4<;8> Vdeho/
4<;;> Ehvw/ 4<<3,1 Wkh uhdvrq lv vlpsoh= PLGv duh riwhq frqvlghuhg
dprqj wkh prvw vxffhvvixo djhqwv lq wkh hfrqrplf odqgvfdsh +Vfrww/ 4<;;>
S|nh hw do1/ 4<<3,1 Wkh prvw vwxglhg frqwhpsrudu| h{dpsohv lqfoxgh wkh
vr0fdoohg Wklug Lwdo| dqg Jhupdq|*v Edghq0Z uwwhpehuj lq wkh HX dv
zhoo dv Urxwh 45; dqg Vlolfrq Ydooh| lq wkh XV1 Krzhyhu/ vlplodu lqgxv0
wuldo foxvwhuv fdq eh lghqwlhg dovr hovhzkhuh lq Ghqpdun/ Vzhghq/ Vsdlq
dv zhoo dv lq Orv Dqjhohv dqg frs|fdwv duh shw surmhfwv ri srolf|0pdnhuv
zruogzlgh +Sruwhu/ 4<<3> Vd{hqldq/ 4<<7,1
\hw/ ghvslwh lwv vxffhvv/ wkh PLG kdv ehhq uhfhqwo| sxw xqghu vwudlq
e| wkh vr0fdoohg joredol}dwlrq/ wkdw lv/ e| wkh rqjrlqj uhgxfwlrq ri eduul0
huv wr wudgh dqg idfwru prelolw| zklfk lv vxssrvhg wr eh ohdglqj wrzdugv
wkh fuhdwlrq ri d xqltxh zruog pdunhw sodfh zkhuh wkh dfwxdo orfdwlrqv
ri ghpdqg dqg vxsso| lv jrlqj wr eh lppdwhuldo +Qhovrq/ 4<<6> RHFG/
4<<9,1 Iurp wkh srlqw ri ylhz ri wkh glvwulfw/ joredol}dwlrq kdv dw ohdvw
wzr uhohydqw glphqvlrqv +Iudqnho dqg Ndkohu/ 4<<6,1 Rq wkh rqh kdqg/
lw pd| lpso| lqfuhdvhg frpshwlwlrq iurp rwkhu +srvvleo| yhu| glvwdqw,
uhjlrqdo foxvwhuv1 Rq wkh rwkhu kdqg/ hyhq li wkh PLG idfhv qr vhulrxv
frpshwlwru lq wkh joredo duhqd/ joredol}dwlrq udlvhv wkh lvvxh ri krz wr
shqhwudwh zruog pdunhwv1 Wklv sdshu lqyhvwljdwhv wklv vhfrqg glphqvlrq
dqg irfxvhv rq wkh fkrlfh ehwzhhq h{sruwdwlrq dqg iruhljq gluhfw lqyhvw0
phqw +IGL,1 Lw dujxhv wkdw/ e| wkh yhu| qdwxuh ri wkh PLG/ lwv upv
duh erxqg wr uhvruw wr d frpelqdwlrq ri h{sruwv dqg IGLv wkdw lv lqh!0
flhqw iurp wkh srlqw ri ylhz ri wkh glvwulfw dv d zkroh1 Krzhyhu/ ehiruh
surfhhglqj dq| ixuwkhu/ lw lv qhfhvvdu| wr foduli| zkdw zh phdq e| PLG1
Lq sulqflsoh/ d PLG lv dq rujdql}dwlrq ri wkh surgxfwlrq surfhvv
edvhg rq vlqjoh vshfldol}hg lqgxvwulhv/ fduulhg rxw e| frqfhqwudwlrqv pdgh
xs ri pdq| vpdoo upv ri vlplodu fkdudfwhu lq sduwlfxodu orfdolwlhv dfklhy0
lqj wkh dgydqwdjhv ri odujh0vfdoh surgxfwlrq e| h{whuqdo udwkhu wkdq lq0
whuqdo hfrqrplhv/ zlwk vrfldo hqylurqphqwv wkdw ihdwxuh orfdo frppxql0
4wlhv ri shrsoh dgkhulqj wr uhodwlyho| krprjhqhrxv v|vwhpv ri ydoxhv/ dqg
zlwk qhwzrunv ri phujlqj xuedq dqg uxudo vhwwohphqwv lqvlgh whuulwrulhv
xqlwhg e| surgxfwlrq dqg vrfldo olqnv +Viru}l/ 4<<3,1 Zkloh wklv ghq0
lwlrq srlqwv dw doo wkh vrflr0hfrqrplf vxewohwlhv ri d PLG/ lw zrxog eh
ixwloh wr dlp dw suhvhqwlqj dq lqwhjudwhg prgho fdswxulqj doo lwv glvwlqf0
wlyh ihdwxuhv +Vrxeh|udq dqg Wklvvh/ 4<<<,1 Wkhuhiruh zh dgrsw khuh
d vwuhdpolqhg dssurdfk dqg/ iru wkh sxusrvhv ri wkh suhvhqw dqdo|vlv/
zh ghqh d PLG dv d orfdwlrq wkdw krvwv d odujh qxpehu ri vpdoo upv
zklfk surgxfh vlplodu jrrgv iru h{sruw dqg wdnh dgydqwdjh ri wkh orfdo0
l}hg dffxpxodwlrq ri vnloov hperglhg lq wkh uhvlghqw oderu irufh +Ehoodqgl/
4<;<,1
Iurp wklv qduurzhu shuvshfwlyh/ d PLG lv hvvhqwldoo| dq djjorphud0
wlrq zkhuh vhyhudo h{whuqdo hhfwv duh dw zrun +Ixmlwd dqg Wklvvh/ 4<<9,1
Iluvw ri doo/ wkhuh duh whfkqrorjlfdo h{whuqdolwlhv vwhpplqj iurp d fro0
ohfwlyh surfhvv ri ohduqlqj0e|0grlqj ihg e| orfdo lqwhudfwlrqv lq wkh irup
ri lqirupdo glvfxvvlrqv dprqj zrunhuv lq hdfk up/ lqwhuup prelolw|
ri vnloohg zrunhuv/ wkh h{fkdqjh ri lghdv zlwklq idplolhv dqg foxev/ dqg
edqgzdjrq hhfwv +Vrxehud|q dqg Wklvvh/ 4<<<,1 Vhfrqgdulo|/ wkhuh
duh shfxqldu| h{whuqdolwlhv gxh wr ghpdqg +cedfnzdug*, dqg frvw +ciru0
zdug*, olqndjhv ehwzhhq upv wkdw dulvh iurp lqfuhdvlqj uhwxuqv wr vfdoh
dw sodqw ohyho lq wkh suhvhqfh ri wudgh frvwv +Ixmlwd/ Nuxjpdq dqg Yhq0
deohv/ 4<<<,1 Lw lv suhflvho| wkh suhvhqfh ri doo vxfk h{whuqdolwlhv wkdw
pdnhv d sulrul xqolnho| wkdw lqglylgxdoo| udwlrqdo ghflvlrqv e| upv zloo
pds lqwr froohfwlyho| rswlpdo rxwfrphv iru wkh glvwulfw1
Lq rughu wr prgho wkh PLG dv dq hqgrjhqrxvo| jurzlqj orfdoh fkdu0
dfwhul}hg e| erwk whfkqrorjlfdo dqg shfxqldu| h{whuqdolwlhv/ zh exlog rq
wkh lqvljkwv ri rqh0vhfwru prghov zlwk orfdo ohduqlqj0e|0grlqj +Ehuwrod/
4<<6> Vrxehud|q dqg Wklvvh/ 4<<<, dv zhoo dv pxowl0vhfwru prghov zlwk
orfdol}hg surgxfw lqqrydwlrq +Zdo}/ 4<<9> Pduwlq dqg Rwwdyldqr/ 4<<<,1
Lq sduwlfxodu/ zh prgho jurzwk dv wkh uhvxow ri uhvhdufk dqg ghyhors0
phqw +U)G, hruwv fduulhg rxw e| surw0vhhnlqj upv orfdwhg lq wkh
glvwulfw wkdw ehqhw iurp orfdol}hg ohduqlqj h{whuqdolwlhv +Urphu/ 4<<3>
Jurvvpdq dqg Khospdq/ 4<<4,1
Wr fdswxuh lq d vw|ol}hg zd| wkh g|qdplfv ri whfkqrorj| vwduw0xsv
5+Vd{hqldq/ 4<<7,/ upv lq wkh PLG duh dvvxphg wr xqghujr d olih0f|foh1
Wkh| duh eruq dv oderudwrulhv hqjdjhg lq U)G lqvlgh wkh glvwulfw/ zklfk
lv wkh rqo| fhqwhu ri lqqrydwlrq1 Krzhyhu/ dv vrrq dv wkh| kdyh lqyhqwhg
dqg sdwhqwhg d qhz glhuhqwldwhg eoxhsulqw/ wkh| txlw U)G dqg vwduw
surgxfwlrq wr uhds wkh fruuhvsrqglqj prqrsro| uhqwv1 Lq wklv vhfrqg
skdvh ri wkhlu olih/ upv duh yhuwlfdoo| lqwhjudwhg hqwlwlhv frqvlvwlqj ri
wzr xqlwv1 D khdgtxduwhu/ zklfk surylghv wkh vhuylfhv hpehgghg lq wkh
eoxhsulqw/ dqg d sodqw/ zklfk xvhv khdgtxduwhu vhuylfhv wr surgxfh wkh
qdo jrrg1 Khdgtxduwhu vhuylfhv jhqhudwh d {hg frvw ri surgxfwlrq vr
wkdw hdfk up*v whfkqrorj| h{klelwv ryhudoo lqfuhdvlqj uhwxuqv wr vfdoh
+Pdunxvhq/ 4<<8,1
Gxh wr qrqwudqvihudeoh nqrzohgjh hperglhg lq wkh orfdo oderu irufh
+Whhfh/ 4<::,/ odev dqg khdgtxduwhuv fdq eh orfdwhg rqo| lq wkh glvwulfw1
Rq wkh frqwudu|/ sodqwv fdq eh hvwdeolvkhg dovr deurdg1 Zh fdoo qdwlrqdo
d up wkdw kdv erwk lwv khdgtxduwhu dqg lwv sodqw lq wkh glvwulfw dqg
pxowlqdwlrqdo d up wkdw kdv lwv khdgtxduwhu lq wkh glvwulfw dqg lwv sodqw
deurdg1 Zkloh lq wkh iruphu fdvh/ iruhljq fxvwrphuv duh vxssolhg e|
h{sruwdwlrq/ lq wkh odwwhu wkh| duh uhdfkhg wkurxjk IGL1 Lq erwk fdvhv/
gxh wr eduulhuv wr wudgh dqg fdslwdo  rzv/ iruhljq vdohv idfh dgglwlrqdo
frvwv zlwk uhvshfw wr krph vdohv1
Lqqrydwlrq lv prghohg dv d frqvwdqw uhwxuqv wr vfdoh dfwlylw| fkdu0
dfwhul}hg e| h{whuqdo hfrqrplhv ri vfdoh gxh wr froohfwlyh ohduqlqj e| wkh
zrunirufh ri wkh PLG1 Pruh suhflvho|/ zh dvvxph wkdw wkh surgxfwlylw|
ri hdfk U)G ode lv dq lqfuhdvlqj ixqfwlrq ri wkh vwrfn ri eoxhsulqwv wkdw
duh qrw rqo| lqyhqwhg exw dovr lpsohphqwhg lqvlgh wkh glvwulfw1 Wklv dv0
vxpswlrqv lv dlphg dw fdswxulqj wkh orfdo srvlwlyh ihhgedfn iurp sodqwv
wr odev zklfk fkdudfwhul}h pxfk ri orfdol}hg lqqrydwlrq surfhvvhv +Oxfdv/
4<<6> Pduwlq dqg Rwwdyldqr/ 4<<<,1
Doo wklv ohdgv wr wkh iroorzlqj uhvxowv1 Iluvw/ dv lw lv lqwxlwlyh/ kljk
wudgh +IGL, eduulhuv glvfrxudjh h{sruwv +IGLv, dqg hqfrxudjh IGLv +h{0
sruwv,1 Vhfrqg/ upv* fkrlfhv duh jhqhudoo| vxerswlpdo/ exw/ wklug/ wkh|
duh qrw dozd|v eldvhg lq wkh vdph gluhfwlrq1 Lq sduwlfxodu/ zh vkrz wkdw
zkloh iru kljk ohyhov ri eduulhuv wr wudgh dqg IGL upv hqjdjh lq wrr
pxfk IGL dqg wrr ihz h{sruwv/ wkh uhyhuvh lv wuxh iru orz ohyhov ri edu0
6ulhuv1 Wklv lqh!flhqf| vwhpv iurp wkh h{lvwhqfh ri wkuhh pdlq h{whuqdo
hhfwv wkdw upv gr qrw wdnh lqwr dffrxqw zkhq fkrrvlqj zkhuh wr orfdwh
wkhlu sodqwv1 Iluvw/ gxh wr wkh orfdo vslooryhu iurp sodqwv wr odev/ d up*v
sodqw orfdwlrq ghflvlrq dhfwv wkh surgxfwlylw| ri U)G dqg/ wkhuhiruh/
wkh udwh ri jurzwk ri wkh glvwulfw +jurzwk hhfw,1 Fhwhulv sdulexv/ vlqfh
vxfk d vslooryhu lv srvlwlyh/ ghfhqwudol}hg ghflvlrq pdnlqj zrxog |lhog
wrr pdq| pxowlqdwlrqdov iurp wkh srlqw ri ylhz ri wkh PLG dv d zkroh1
Vhfrqg/ djdlq gxh wr wkh whfkqrorjlfdo h{whuqdolw|/ d up grhv qrw wdnh
lqwr dffrxqw lwv lpsdfw rq wkh ydoxh ri eoxhsulqwv wkdw h{lvw lqlwldoo| lq
wkh glvwulfw +zhdowk hhfw,1 Dv mxvw srlqwhg rxw/ e| orfdwlqj lwv sodqw
lq wkh glvwulfw/ wkh up lqfuhdvhv wkh vshhg ri lqqrydwlrq1 Wklv uhgxfhv
wkh ydoxh ri wkh lqlwldo vwrfn ri eoxhsulqwv dqg ghsohwhv wkh zhdowk ri
wkh glvwulfw1 Fhwhulv sdulexv/ lq htxloleulxp rqh zrxog revhuyh wrr ihz
pxowlqdwlrqdov1 Ilqdoo|/ gxh wr wkh suhvhqfh ri wudgh frvwv/ d up grhv qrw
uhdol}h wkdw lwv sodqw orfdwlrq ghflvlrq dhfwv wkh lqwhqvlw| ri frpshwlwlrq
lq wkh PLG eh|rqg zkdw lv fdswxuhg e| lwv surwv +frpshwlwlrq hhfw,1
Lq sduwlfxodu/ wkh ghflvlrq ri jrlqj pxowlqdwlrqdo zhdnhqv frpshwlwlrq
lq wkh glvwulfw dqg jhqhudwhv zhoiduh orvvhv iru orfdo frqvxphuv1 Fhwhulv
sdulexv/ wklv zrxog ohdg wr wrr pdq| pxowlqdwlrqdov dw wkh pdunhw rxw0
frph1 Wkhuhiruh/ wkh zd| wkh pdunhw pl{ ri qdwlrqdo dqg pxowlqdwlrqdo
upv ghsduwv iurp zkdw lv h!flhqw iru wkh glvwulfw lv ghwhuplqhg e| wkh
edodqfh ehwzhhq wkh jurzwk dqg frpshwlwlrq hhfwv rq wkh rqh vlgh dqg
wkh zhdowk hhfw rq wkh rwkhu1
Wklv h{sodlqv wkh uhvxow1 Lq jhqhudo/ gxh wr whfkqrorjlfdo vslooryhuv/
pruh orfdo sodqwv duh jrrg iru jurzwk1 Krzhyhu/ ehiruh gudzlqj zhoiduh
lpsolfdwlrqv/ wklv vwudljkwiruzdug lqwxlwlrq kdv wr eh txdolhg lq ylhz ri
wkh frpshwlwlrq dqg zhdowk hhfwv1 Zkhq eduulhuv duh kljk/ krph dqg
iruhljq pdunhwv duh hvvhqwldoo| lvrodwhg vr wkdw lw pdnhv d kxjh glhuhqfh
iru frpshwlwlrq lqvlgh wkh PLG zkhwkhu d up jrhv pxowlqdwlrqdo ru
qrw1 Ehfdxvh wkh orfdo pdunhw lv vkhowhuhg djdlqvw fkhds uhlpsruwv iurp
iruhljq sodqwv/ frpshwlwlrq zrxog eh pxfk pruh ihheoh lq wkh iruphu fdvh
wkdq lq wkh odwwhu1 Lq rwkhu zrugv/ zlwk kljk eduulhuv wkh frpshwlwlrq
hhfw lv vwurqj dqg frqvxphuv lq wkh glvwulfw zrxog olnh wr kdyh pruh
orfdo surgxfwlrq wkdq zkdw wkh| jhw dw wkh pdunhw htxloleulxp1 Rq wkh
7frqwudu|/ zkhq eduulhuv duh orz/ iurp wkh srlqw ri ylhz ri frpshwlwlrq
dqg jurzwk wkh orfdwlrq ri sodqwv lv doprvw lppdwhuldo1 Wkh vwurqjhvw
hhfw lv qrz rq wkh zhdowk ri wkh glvwulfw1 Wkdw lv zk|/ iru orz eduulhuv/
wkh glvwulfw froohfwlyho| idyruv IGLv ryhu h{sruwv1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg lq irxu sduwv1 Wkh uvw
suhvhqwv wkh prgho1 Wkh vhfrqg qgv wkh pdunhw htxloleulxp1 Wkh wklug
glvfxvvhv lwv zhoiduh surshuwlhv iurp wkh srlqw ri ylhz ri wkh PLG dv d
zkroh1 Wkh irxuwk frqfoxghv1
5 Wkh prgho
Wkhuh duh wzr orfdwlrqv/ wkh PLG dqg wkh uhvw ri wkh zruog1 Yduldeohv
shuwdlqlqj wr wkh glvwulfw ehdu qr odeho/ zkloh wkrvh ehorqjlqj wr wkh uhvw
ri wkh zruog duh odehohg e| W1 Wkhuh lv d xqltxh idfwru ri surgxfwlrq/
oderu/ zkrvh wrwdo hqgrzphqw u lv glvwulexwhg ehwzhhq orfdwlrqv vr wkdw
d iudfwlrq bu ri zrunhuv uhvlgh lq wkh glvwulfw zlwk b 5 Efc1 Zrunhuv
duh jhrjudsklfdoo| lppreloh dqg duh hpsor|hg lq wkh surgxfwlrq ri wzr
qdo jrrgv= d krprjhqrxv jrrg t dqg d frpsrvlwh jrrg ( frqvlvwlqj
ri  krul}rqwdoo| glhuhqwldwhg ydulhwlhv1 Wkh pdlq glhuhqfh ehwzhhq
wkh glvwulfw dqg wkh uhvw ri wkh zruog lv wkdw lq wkh iruphu oderu lv dovr
hpsor|hg lq dq lqqrydwlrq vhfwru zklfk fuhdwhv wkh eoxhsulqwv wkdw duh
qhfhvvdu| iru wkh surgxfwlrq ri qhz ydulhwlhv1 Eoxhsulqwv duh surwhfwhg
e| lqqlwho| olyhg sdwhqwv zkrvh surshuw| ehorqjv wr wkh glvwulfw1 Diwhu
uhjlvwudwlrq/ sdwhqwhg ydulhwlhv fdq eh surgxfhg hlwkhu lq wkh glvwulfw
wr eh h{sruwhg wr wkh uhvw ri wkh zruog ru gluhfwo| lq iruhljq pdunhwv
dqg srvvleo| uhlpsruwhg1 Wkhuhiruh/ zh dvvxph wkdw lqqrydwlrq kdsshqv
h{foxvlyho| lq wkh PLG/ zklfk lv wkh hqjlqh ri jurzwk lq wkh glhuhqwldwhg
jrrg vhfwru1
Vlqfh wkh vshflfdwlrq ri wkh prgho lv odujho| v|pphwulf lq prvw
ri lwv fuxfldo ihdwxuhv/ zh frqfhqwudwh rq wkh ghvfulswlrq ri wkh PLG1
Suhihuhqfhv duh lqvwdqwdqhrxvo| Free0Grxjodv dqg lqwhuwhpsrudoo| FHV1












8zkhuh t E| lv wkh frqvxpswlrq  rz ri wkh krprjhqhrxv jrrg dw wlph
|/ 4:f lv wkh udwh ri wlph suhihuhqfh/ dqg k 5 Efc lv wkh vkduh ri
h{shqglwxuhv ghyrwhg wr wkh frqvxpswlrq  rz ri wkh frpsrvlwh jrrg









zkhuh SErc| lv wkh frqvxpswlrq ri ydulhw| r dw lqvwdqw |/ E| lv wkh wrwdo
pdvv ri ydulhwlhv dydlodeoh lq wkh hfrqrp| dw |/d q gj: lv wkh hodvwlflw|
ri vxevwlwxwlrq ehwzhhq ydulhwlhv dv zhoo dv wkh rzq0sulfh hodvwlflw| ri
ghpdqg iru hdfk ydulhw|1 Dv lq Urphu +4<<3, dqg lq Jurvvpdq dqg
Khospdq +4<<4, jurzwk zloo frph iurp dq hqgrjhqrxv lqfuhdvh lq wkh
ydulhw| ri jrrgv dv phdvxuhg e| E|1
Wr vlpsoli| qrwdwlrq/ iurp qrz rq zh zloo gurs wkh h{solflw wlph
ghshqghqfh ri yduldeohv zkhq wklv grhv qrw jhqhudwh frqixvlrq1 Dffrug0







^ESE_ n Rtt +6,
zkhuh Rt lv wkh sulfh ri jrrg t / RE lv wkh sulfh ri wkh 0wk rxw ri ?
ydulhwlhv surgxfhg lq wkh glvwulfw/ ^E lv wkh sulfh ri wkh 0wk rxw ri ?W
ydulhwlhv surgxfhg deurdg vr wkdw  ' ? n ?W1
Dv wr wkh vxsso| vlgh/ wkh krprjhqrxv jrrg t lv surgxfhg xvlqj
oderu zlwk frqvwdqw uhwxuqv wr vfdoh lq d shuihfwo| frpshwlwlyh vhfwru dqg
lw lv iuhho| wudghg ehwzhhq orfdwlrqv1 Zlwkrxw orvv ri jhqhudolw|/ wkh xqlw
lqsxw uhtxluhphqw lv vhw wr  iru frqyhqlhqfh1 Lw lv dvvxphg wkdw wkh
ghpdqg ri wklv jrrg lq wkh zkroh hfrqrp| lv odujh hqrxjk wkdw lw fdqqrw
eh vdwlvhg e| surgxfwlrq lq rqh sodfh rqo|14 Wklv k|srwkhvlv hqvxuhv
wkdw lq htxloleulxp wkh krprjhqrxv jrrg zloo eh surgxfhg hyhu|zkhuh
4Wklv zloo wxuq rxw wr eh wkh fdvh lq htxloleulxp li wkh h{shqglwxuhv vkduh ri
jrrg \ lv odujh hqrxjk/ qdpho| li  ? @+4 . ,/z k h u h lv wkh frvw sdudphwhu
ri lqqrydwlrq wkdw zloo eh lqwurgxfhg lq wkh qh{w sdudjudsk1 Lq zkdw iroorzv wklv
uhvwulfwlrq lv dvvxphg wr krog1
9dqg/ wkxv/ ehfdxvh ri iuhh wudgh/ wkh zdjh udwhv lq wkh wzr orfdwlrqv zloo eh
wkh vdph1 Lq dgglwlrq/ wkh dvvxpswlrq derxw wkh xqlw lqsxw uhtxluhphqw
dqg wkh fkrlfh ri t dv wkh qxphudluh slq grzq wkh zdjh udwh wr  doo
ryhu wkh hfrqrp|1
Wkh glhuhqwldwhg ydulhwlhv ri jrrg (/ zklfk dv douhdg| phqwlrqhg
duh surwhfwhg e| lqqlwho| olyhg sdwhqwv/ duh surgxfhg lq d prqrsrolv0
wlfdoo| frpshwlwlyh vhfwru1 Pruh suhflvho|/ wkh vxsso| ri hdfk ydulhw|
uhtxluhv wkh xvh ri wkh fruuhvsrqglqj sdwhqw +wkh {hg frvw dw wkh vrxufh
ri hfrqrplhv ri vfdoh, iru dq| vfdoh ri surgxfwlrq dqg q xqlwv ri oderu
iru hdfk xqlw ri rxwsxw1 Frqvhtxhqwo|/ surgxfwlrq h{klelwv lqfuhdvlqj
uhwxuqv wr vfdoh dqg wklv hqvxuhv wkdw hdfk up zloo surgxfh rqh dqg
rqo| rqh ydulhw|1 Glhuhqwo| iurp wkh krprjhqhrxv jrrg/ wudgh lq wkh
glhuhqwldwhg ydulhwlhv lv frvwo|1 Iroorzlqj Vdpxhovrq +4<87, wudgh frvwv
duh prghoohg dv lfhehuj iulfwlrqv=    xqlwv kdyh wr eh vklsshg iru
d xqlw gholyhu| ri dq| ydulhw| wr wkh iruhljq pdunhw1 Wkhuhiruh/ rqo| d
iudfwlrq ri wkh vklsshg txdqwlw| lv dfwxdoo| frqvxphg1 D ydoxh ri  '
uhsuhvhqwv iuhh wudgh/ zkloh lq wkh olplw/ dv  $4 / wkh glvwulfw uhdfkhv
dxwdun|1
Wkh PLG lv dovr dfwlyh lq wkh lqyhqwlrq ri qhz ydulhwlhv ri jrrg (1
U)G lv prghoohg dv d frqvwdqw uhwxuqv wr vfdoh dfwlylw| fduulhg rxw e|
shuihfwo| frpshwlwlyh odev wkdw xvh oderu zlwk d xqlw lqsxw uhtxluhphqw
#*?1 Vxfk dq dvvxpswlrq lpsolhv wkdw wkh frvw ri lqqrydwlrq ghshqgv
qhjdwlyho| rq wkh qxpehu ri sodqwv orfdwhg lq wkh glvwulfw dqg fdswxuhv wkh
suhvhqfh ri d ohduqlqj fxuyh wkdw zloo eh deoh wr vxvwdlq jurzwk lq wkh orqj
uxq +Pduwlq dqg Rwwdyldqr/ 4<<<,1 Wklv whfkqrorjlfdo vslooryhu lv jhqhu0
dwhg e| orfdo lqwhudfwlrqv ehwzhhq wkh shrsoh hpsor|hg lq lqqrydwlrq dqg
wkrvh hpsor|hg lq surgxfwlrq +Vd{hqldq/ 4<<7,1 Ilqdoo|/ iru lqqrydwlrq
wr kdsshq dw doo/ vrph eoxhsulqwv f duh dvvxphg wr eh rzqhg e| shrsoh
lq wkh PLG uljkw iurp wkh vwduw1 Rqo| wkh surwv dffuxlqj wr wklv lqlwldo
vwrfn ri eoxhsulqwv duh sxuh uhqwv dqg frqwulexwh wr wkh zhdowk ri wkh
glvwulfw1
Uhvhdufk dqg ghyhorsphqw duh shuiruphg e| upv wkhpvhoyhv/ zklfk
wkhq xvh wkh eoxhsulqwv wkh| kdyh ghyhorshg dqg sdwhqwhg wr vwduw sur0
gxfwlrq ri qhz ydulhwlhv1 Lq sduwlfxodu/ upv duh dvvxphg wr xqghujr d
:olih0f|foh1 Diwhu ehlqj eruq dv U)G odev/ dv vrrq dv wkh| kdyh lqyhqwhg
dqg sdwhqwhg d qhz eoxhsulqw/ wkh| ohdyh U)G dqg vwduw surgxfwlrq wr
uhds wkh fruuhvsrqglqj rshudwlqj surwv1 Ehfdxvh sdwhqwv duh lqqlwho|
olyhg/ wkh vhfrqg skdvh ri wkhlu olih odvwv iruhyhu1 Lq wklv skdvh/ upv
duh yhuwlfdoo| lqwhjudwhg hqwlwlhv frqvlvwlqj ri wzr xqlwv1 D khdgtxduwhu/
zklfk surylghv wkh vhuylfhv hpehgghg lq wkh sdwhqwhg eoxhsulqw/ dqg d
sodqw/ zklfk xvhv khdgtxduwhu vhuylfhv wrjhwkhu zlwk oderu wr surgxfh wkh
qdo jrrg1 Gxh wr up0vshflf nqrz0krz zklfk lv wrr frvwo| wr wudqvplw/
sdwhqwv duh qrw wudqvihudeoh wr rwkhu upv1
Zkloh lqyhqwlrq wdnhv sodfh rqo| lq wkh PLG/ wkh surgxfwlrq surfhvv
fdq eh orfdol}hg hlwkhu lq wkh glvwulfw ru deurdg1 Lq wkh iruphu fdvh/ upv
duh qdwlrqdo lq vfrsh dqg uhdfk wkhlu iruhljq fxvwrphuv e| h{sruwv lqfxu0
ulqj wkh wudqvsruw frvw 1 Lq wkh odwwhu/ wkh| duh pxowlqdwlrqdo lq wkdw/
zkloh wkhlu khdgtxduwhuv uhpdlq lq wkh glvwulfw/ wkhlu surgxfwlrq idflolwlhv
duh orfdwhg deurdg1 Zlwk rqo| qdwlrqdo upv/ wkh sdwwhuq ri lqwudwhp0
srudo wudgh frqvlvwv ri lqwhuvhfwrudo wudgh rqo| zlwk wkh glvwulfw h{sruw0
lqj wkh glhuhqwldwhg jrrg ( dqg lpsruwlqj wkh krprjhqhrxv jrrg t 1
Zlwk pxowlqdwlrqdo upv/ wkhuh duh wzr dgglwlrqdo nlqgv ri lqwudwhpsrudo
wudgh= lqwudup wudgh lq sdwhqw vhuylfhv ehwzhhq khdgtxduwhuv dqg iru0
hljq sodqwv> lqwudlqgxvwu| wudgh ri jrrg ( gxh wr h{sruwv dqg uhlpsruwv
iurp iruhljq sodqwv wr wkh glvwulfw1
Dovr wkh rswlrq ri IGL lqfxuv dgglwlrqdo frvwv zlwk uhvshfw wr krph
vdohv1 Vxfk frvwv dulvh iurp ydulrxv vrxufhv +Whhfh/ 4<::,1 Iluvw/ wkhuh duh
sureohpv zklfk kdpshu wkh hhfwlyh lpsohphqwdwlrq ri eoxhsulqwv deurdg
gxh wr wdflw nqrzohgjh zklfk pljkw eh gl!fxow wr wudqvihu iurp wkh
PLG wr iruhljq zrunhuv1 Vhfrqg/ wkhuh lv wkh gl!fxow| ri pdvwhulqj dqg
prqlwrulqj wkh rshudwlrqv ri idu sodqwv gxh wr dolhq exvlqhvv sudfwlfhv dv
zhoo dv fxowxudo dqg olqjxlvwlf glhuhqfhv1 Wklug/ wkhuh duh dgplqlvwudwlyh
eduulhuv wkdw glvfrxudjh iruhljq lqyhvwphqw vxfk dv uhvwulfwlrqv wr surw
uhsdwuldwlrq dv zhoo dv lglrv|qfudwlf odzv dqg exuhdxfudwlf surfhgxuhv
zkrvh kdqgolqj fxwv lqwr wkh surwdelolw| ri iruhljq sodqwv1 Dv lq wkh
fdvh ri wudgh frvwv/ zh prgho doo wkhvh IGL frvwv dv lfhehuj iulfwlrqv=
zkhq d up ghflghv wr vhw xs lwv surgxfwlrq idflolw| deurdg/ lw lv deoh wr
dssursuldwh rqo| d iudfwlrq D 5 dfco ri wkh rshudwlqj surwv vxfk idflolw|
;jhqhudwhv1 Wkh uhpdlqlqj iudfwlrq E  D phowv dzd|1
Ilqdoo|/ wr forvh wkh prgho zh kdyh wr vshfli| wkh lqvwlwxwlrq wkdw
jryhuqv wkh lqwhuwhpsrudo doorfdwlrq ri uhvrxufhv1 Zh dvvxph wkdw wkhuh
lv d qdqfldo pdunhw zkhuh d vdih erqg lv wudghg zklfk ehduv dq lqwhuhvw
udwh o lq xqlwv ri wkh qxphudluh1 Wklv pdunhw lv zkhuh upv lq wkh PLG
qdqfh wkhlu lqyhvwphqw lq U)G dqg lw lv joredo lq wkh vhqvh wkdw lw lv
dffhvvleoh e| doo frqvxphuv/ qr pdwwhu zkhuh wkh| uhvlgh1
6 Wkh pdunhw htxloleulxp
Wkh vroxwlrq ri wkh prgho lv idluo| vwdqgdug +vhh/ h1j1/ Jurvvpdq dqg
Khospdq/ 4<<4,1 Iluvw/ wkh lqwhuwhpsrudo rswlpl}dwlrq e| frqvxphuv
lpsolhv wkdw wkh jurzwk udwh ri lqglylgxdo h{shqglwxuhv/ . dqg .W/l v
htxdo wr wkh glhuhqfh ehwzhhq wkh lqwhuhvw udwh dqg wkh udwh ri wlph
suhihuhqfh= e . ' e .W ' o  415
Vhfrqg/ wkh lqvwdqwdqhrxv doorfdwlrq ri h{shqglwxuhv dwwulexwhv frq0
vwdqw vkduhv k dqg Ek wr wkh frqvxpswlrqv ri jrrg ( dqg t uhvshf0
wlyho| dqg |lhogv ghpdqg ixqfwlrqv iru hdfk ydulhw| zlwk frqvwdqw hodvwlf0
lw| j1 Wkxv/ jlyhq zdjh htxdol}dwlrq/ surw0pd{lpl}dwlrq e| upv ohdgv
wr surgxfhu sulfhv +ploo sulfhv, wkdw duh wkh vdph iru doo ydulhwlhv lqgh0
shqghqwo| iurp wkh sodfhv ri surgxfwlrq dqg vdoh= R ' qj*Ej  1W k l v
hqwdlov wkdw frqvxphuv sd| glhuhqw sulfhv rq ydulhwlhv vxssolhg e| upv
lq glhuhqw sodfhv1 Lq sduwlfxodu/ wkh| sd| d orzhu sulfh R ' qj*Ej  
iru orfdoo| surgxfhg ydulhwlhv dqg/ gxh wr wudgh frvwv/ d kljkhu sulfh
^ ' qj*Ej   iru lpsruwhg ydulhwlhv1
Dv d frqvhtxhqfh/ wkh rshudwlqj surwv ri d w|slfdo surgxfwlrq
idflolw| orfdwhg lq wkh glvwulfw duh=




5Iurp qrz rq zh iroorz wkh frpprq frqyhqwlrq dffruglqj wr zklfk d grw ru d kdw
ryhu d yduldeoh odeho uhvshfwlyho| lwv devroxwh ru shufhqwdjh udwhv ri fkdqjh1









exw rqo| d iudfwlrq D ri wkhp jhqhudwhv d fdvk  rz iru wkh fruuhvsrqglqj
up1
Wklug/ vlqfh wkh prgho lv hvvhqwldoo| dq DN0prgho dqg/ wkxv/ lw kdv
qr wudqvlwlrqdu| g|qdplfv/ lwv vroxwlrq uhtxluhv rqo| wkh fkdudfwhul}d0
wlrq ri wkh vwhdg| vwdwh1 Lq rughu wr surfhhg/ lw lv xvhixo wr lqwurgxfh
vrph dgglwlrqdo qrwdwlrq1 Lq sduwlfxodu/ ohw  5 dfco eh wkh vkduh ri
ydulhwlhv surgxfhg lq wkh glvwulfw vr wkdw E   phdvxuhv wkh vkduh ri
pxowlqdwlrqdov dprqj doo upv1 Wkhq/ d vwhdg| vwdwh ri wkh prgho lv gh0
qhg dv dq htxloleulxp zkhuh wkh jhrjudsklf glvwulexwlrq ri sodqwv  lv
wlph0lqyduldqw dqg wkhlu wrwdo qxpehu jurzv dw d frqvwdqw udwh } '

 *1
Zh ehjlq wkh vwhdg| vwdwh dqdo|vlv e| glvfxvvlqj wkh htxloleulxp
frqglwlrq iru wkh orfdwlrq ri upv surgxfwlrq sodqwv 1W k l v f d q e h
ghulyhg iurp wkh pdunhw fohdulqj frqglwlrqv iru wkh pdqxidfwxulqj vhfwru/
dffruglqj wr zklfk wkh vxsso| ri hdfk ydulhw| kdv wr eh htxdo wr lwv
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zkhuh B  3j lv d phdvxuh ri wkh iuhhqhvv ri wudgh udqjlqj ehwzhhq f
lq dxwdun| dqg  zlwk iuhh wudgh1
Iru  wr eh frqvwdqw/ upv pxvw kdyh qr lqfhqwlyh wr uhorfdwh wkhlu
sodqwv1 Wklv fdq kdsshq xqghu wkuhh dowhuqdwlyh vfhqdulrv1 Lq wkh uvw/
wkhuh duh erwk orfdo upv dqg pxowlqdwlrqdov/ l1h1  5 Efc1I r u w k l v
wr eh wkh fdvh/ upv pxvw eh lqglhuhqw ehwzhhq surgxflqj lq wkh PLG
ru deurdg dqg wkhuhiruh eoxhsulqwv pxvw frppdqg wkh vdph rshudwlqj
surwv +qhw ri IGL frvwv, zkhuhyhu wkh| duh lpsohphqwhg1 Wkdw kdsshqv
li Z ' DZW ru/ e| +7, dqg +8,/ li % ' D%W1 Wklv htxloleulxp frqglwlrq
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Lq wkh vhfrqg vfhqdulr/ doo sodqwv duh frqfhqwudwhg lq wkh glvwulfw/
l1h1  ' / vr wkdw wkhuh duh qr pxowlqdwlrqdov1 Iru wklv rxwfrph wr eh
vxvwdlqdeoh dv d vwhdg| vwdwh/ zh qhhg wr kdyh Z:D Z W/z k l f kl vw k h
fdvh li b.*E  b.W : ED  B*BE  B1 Wklv lqhtxdolw| lv olnho| wr
eh vdwlvhg zkhqhyhu wkh frvw ri iruhljq lqyhvwphqw lv odujh zlwk uhvshfw
wr wudgh frvwv +D lv vpdoo zkhq frpsduhg zlwk B, dqg lw dozd|v krogv li
D  B	f1 Lw dovr krogv li wkh glvwulfw uhsuhvhqwv d uhodwlyho| lpsruwdqw
pdunhw iru lwv upv surgxfwv +b. lv odujh zkhq frpsduhg zlwk Eb.W,1
Ilqdoo|/ lq wkh wklug vfhqdulr/ doo sodqwv duh orfdwhg deurdg/ l1h1
 'f / vr wkdw doo upv duh pxowlqdwlrqdov dqg wkh glvwulfw lv vshfldol}hg
lq lqqrydwlrq dqg lq wkh surgxfwlrq ri wkh krprjhqhrxv jrrg1 Iru wklv
wr eh wkh fdvh/ b.*E  b.W 	B ED  B*E  B kdv wr krog/ zklfk
ghslfwv wklv vfhqdulr dv wkh pluuru lpdjh ri wkh suhylrxv rqh1 Lqghhg/ wkh
iruhjrlqj lqhtxdolw| lv olnho| wr krog li wkh frvw ri iruhljq lqyhvwphqw lv
vpdoo zlwk uhvshfw wr wudgh frvwv +D lv odujh zkhq frpsduhg zlwk B,d q g
li wkh glvwulfw lv d uhodwlyho| qhjoljleoh pdunhw iru lwv upv surgxfwv +b.
lv vpdoo zkhq frpsduhg zlwk E  b.W,1
Frqglwlrq +;, looxvwudwhv wkh ciruzdug olqndjh* dw zrun lq rxu prgho
lpso|lqj wkdw/ fhwhulv sdulexv/ wkh jhrjudsklf frqfhqwudwlrq ri surgxf0
wlrq sodqwv lq wkh PLG lv lqfuhdvlqj lq wkh uhodwlyh vl}h ri wkh orfdo
pdunhw1 Lw dovr vkrzv wkdw/ dv lw lv lqwxlwlyh/ fhwhulv sdulexv dq lq0
fuhdvh lq IGL eduulhuv uhgxfhv wkh uhodwlyh qxpehu ri pxowlqdwlrqdov
+Y*YD 	 f,1 Ohvv lqwxlwlyh d sulrul lv wkh lpsdfw ri wudgh frvwv fkdqjhv1
Orzhu wudgh eduulhuv lqfuhdvh wkh vkduh ri pxowlqdwlrqdov +Y*YB 	 f,d v
44idu dv b.*E  b.W 	 ED  B2*E  B2 zklfk ehorqjv wr wkh dffhsw0
deoh lqwhuydo +43,1 Wkhuhiruh/ iuhhu wudgh lqfhqwlydwhv iruhljq lqyhvwphqw
djdlqvw h{sruwdwlrq/ li IGL frvwv duh vpdoo uhodwlyho| wr wudgh frvwv +D
lv odujh zlwk uhvshfw wr B, dv zhoo dv li wkh PLG lv d uhodwlyho| qhjol0
jleoh pdunhw iru lwv rzq upv surgxfwv +b. lv vpdoo zlwk uhvshfw wr
E  b.W,1 Wkh uhdvrq zk| lv wkh vr0fdoohg krph0pdunhw hhfw +Khos0
pdq dqg Nuxjpdq/ 4<;8, e| zklfk sodqwv duh +pruh wkdq sursruwlrq0
dwho|, dwwudfwhg e| wkh odujhu pdunhw dqg wkh pruh vr wkh orzhu wkh wudgh
frvwv1 Wkhuhiruh/ devhqw IGL frvwv/ zkhq wkh krph pdunhw lv wkh vpdoohu
rqh/ orzhu wudgh frvwv pdnh lw pruh frqyhqlhqw iru upv wr orfdwh lq wkh
odujhu iruhljq pdunhw dqg vxsso| krph frqvxphuv yld uhlpsruwv +vlqfh
EDB2*EB2 'iru D ' ,1 Rq wkh frqwudu|/ zkhq wkh krph pdunhw
lv wkh odujhu rqh/ orzhu wudgh frvwv lqfhqwlydwh upv wr sodfh wkhlu sodqwv
lq wkh PLG dqg wr vxsso| iruhljqhuv e| h{sruwv1 Rq wrs ri wkdw/ wkh
suhvhqfh ri IGL frvwv eldvhv wkh uhvxow djdlqvw wkh pxowlqdwlrqdo rswlrq
+vlqfh ED  B2*E  B2 	  iru D	 zkhq +;, krogv,1
Frqglwlrq +<, vkrzv krz wkh surwdelolw| ri upv lv lq xhqfhg e|
wkh jhrjudsklfdo glvwulexwlrq ri wkhlu sodqwv1 Lq sduwlfxodu/ vlqfh lw srlqwv
rxw wkdw %W dqg/ wkhuhiruh/ % duh ghfuhdvlqj lq / lw vkrzv wkdw/ fhwhulv
sdulexv/ dv pruh upv jr pxowlqdwlrqdo/ rshudwlqj surwv idoo zruogzlgh1
Wkh pruh vr/ wkh odujhu wkh frvwv ri IGL1
Wxuqlqj qrz wr wkh lqwhuwhpsrudo htxloleulxp/ ohw  eh wkh ydoxh ri
d qdwlrqdo up1 Wkhq wkh frqglwlrq ri qr0duelwudjh0rssruwxqlw| ehwzhhq








zkhuh zh kdyh xvhg wkh idfw wkdw/ rq d vwduw0xs lqyhvwphqw ri ydoxh /w k h
uhwxuq lv htxdo wr wkh rshudwlqj surwv soxv wkh fkdqjh lq wkh ydoxh ri wkh






zkhuh/ vlqfh U)G wdnhv sodfh rqo| lq wkh PLG/ lw pxvw eh W ' 1
45Lw lv xvhixo wr djjuhjdwh +44, dqg +45, dfurvv doo upv wr h{suhvv wkh
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Ehfdxvh ri shuihfw frpshwlwlrq lq wkh lqqrydwlrq vhfwru/ sdwhqwv
duh sulfhg dw pdujlqdo frvw/ zklfk jlyhv wkh ydoxh ri d up  ' #*? '
#*E1 Ehfdxvh  lv frqvwdqw lq vwhdg| vwdwh/ diwhu glhuhqflqj/ wklv
|lhogv
  * ' 

 * ' }1 Ehfdxvh dovr frqvxphuv* h{shqglwxuhv duh
frqvwdqw lq vwhdg| vwdwh/ wkh lqwhuhvw udwh o l vh t x d ow rw k hu d w hr iw l p h





kudb. nE  b.Wo
j
 4 +47,
Frqvlghu qrz wkh pdunhw fohdulqj frqglwlrq iru oderu zklfk lpsolhv
wkdw wkh hfrqrp| hqgrzphqw ri oderu u lv ixoo| hpsor|hg lq U)G/ lq




} nE  kudb. nE  b.
Wonqd%nE  %
Wo +48,
Frqglwlrq +48, fdq eh wudqviruphg e| vxevwlwxwlqj iru % ' D%W dqg







udb. nE  b.
Wo +49,
Htxdwlrqv +47, dqg +49, fdq eh vroyhg wrjhwkhu wr h{suhvv wkh vwhdg|
vwdwh ydoxhv ri h{shqglwxuhv dqg wkh fruuhvsrqglqj jurzwk udwh dv ixqf0
wlrqv ri  rqo|=















Lq +4:, wkh uvw whup rq wkh uljkw kdqg vlgh lv zdjh lqfrph/ zkloh
wkh vhfrqg lv wkh ydoxh ri wkh lqlwldo shu fdslwd vwrfn ri eoxhsulqwv/ zklfk
46dsshduv ehfdxvh/ dv suhylrxvo| qrwlfhg/ rqo| wkh rshudwlqj surwv dffux0
lqj wr wkh lqlwldo vwrfn ri eoxhsulqwv duh sxuh uhqwv1 Ehfdxvh wklv vwrfn lv
h{foxvlyho| rzqhg e| shrsoh lq wkh glvwulfw/ zh kdyh b. ' bn4#*u dqg
Eb.W 'E b1 Htxdwlrq +4;, looxvwudwhv wkh srvlwlyh h{whuqdolw| dw
zrun lq wkh prgho ehwzhhq surgxfwlrq dqg lqqrydwlrq1 Dq lqfuhdvh lq
wkh frqfhqwudwlrq ri sodqwv lq wkh glvwulfw ghfuhdvhv wkh frvw ri lqqryd0
wlrq +ehfdxvh ri orfdo vslooryhuv, sxvklqj qhz odev wr hqwhu wkh lqqrydwlrq
vhfwru xqwlo surwv lq wkdw vhfwru duh edfn wr }hur1 Wklv lq wxuq lqfuhdvhv
wkh udwh ri lqqrydwlrq1
Zh duh qrz uhdg| wr ghwhuplqh wkh vwhdg| vwdwh orfdwlrq ri sodqwv1
Lw vx!fhv wr vxevwlwxwh wkh htxloleulxp ydoxhv ri h{shqglwxuhv lqwr +;,1
Wklv jlyhv ulvh wr d vhfrqg rughu htxdwlrq lq  zklfk dgplwv rqo| rqh




K2 ne @E  DB4#
2@
+4<,
zkhuh @  EBdEDBbnEDBEbou dqg K i EDBEB4#
dE  DBb  BED  BE  bouj1 Dv douhdg| glvfxvvhg/ wklv fruuhvsrqgv
wr dq lqwhulru vwhdg| vwdwh zlwk  5 Efc zkhqhyhu wkh glhuhqfh lq
h{shqglwxuhv ohyhov ehwzhhq wkh glvwulfw dqg wkh uhvw ri wkh zruog lv qrw














Iru prvw sduhphwhuv/ frpsdudwlyh vwdwlfv uhvxowv kdyh ehhq vwdwhg
zkhq glvfxvvlqj htxdwlrq +;, vr wkdw khuh zh qhhg wr frpphqw rqo| rq
4 dqg #1 Wkh| duh erwk gluhfwo| uhodwhg wr wkh htxloleulxp ydoxh ri wkh
lqlwldo vwrfn ri eoxhsulqwv1 Vlqfh vxfk vwrfn ehorqjv wr wkh PLG/ d idoo lq
hlwkhu sdudphwhu uhgxfhv wkh glhuhqfh lq h{shqglwxuhv ehwzhhq wkh wzr
orfdwlrqv dqg/ wkxv/ ghfuhdvhv wkh vkduh ri sodqwv wkdw wkh glvwulfw krvwv1
Ilqdoo|/ wkh vwhdg| vwdwh jurzwk udwh ri wkh hfrqrp| fdq eh irxqg
e| soxjjlqj +4<, lqwr +4;,1
477Z h o i d u h d q d o | v l v
Wkhuh duh d qxpehu ri uhdvrqv zk| zh vkrxog h{shfw wkh pdunhw rxw0
frph wr eh lqh!flhqw iru wkh PLG dv d zkroh1 Wkh| dulvh iurp wkh pdq|
glvwruwlrqv dw zrun lq wkh prgho1 Wkhvh fdq eh fodvvlhg lq wzr pdlq
jurxsv1 Wr wkh uvw jurxs ehorqj wkrvh glvwruwlrqv zklfk duh qrw vshflf
wr wkh sodqw orfdwlrq sureohp zh duh vwxg|lqj/ exw shuwdlq wr wkh zlghu
fodvv ri prghov zlwk prqrsrolvwlf frpshwlwlrq dqg krul}rqwdo surgxfw
lqqrydwlrq1 Iluvw/ uhyhqxhv iurp surgxflqj d fhuwdlq ydulhw| gr qrw fds0
wxuh wkh fruuhvsrqglqj frqvxphu vxusoxv1 Vhfrqg/ wkh surw ri d qhz
ydulhw| grhv qrw/ lq jhqhudo/ fruuhvsrqg wr wkh qhw fkdqjh lq wrwdo surwv
iru wkh hfrqrp|1 Wklug/ lqqrydwruv duh qrw dzduh ri wkh srvlwlyh vslooryhu
wkh| jhqhudwh wr ixwxuh U)G1 Ehfdxvh vxfk glvwruwlrqv duh qrw vshflf
wr wkh suhvhqw vhwwlqj dqg kdyh ehhq vwxglhg dw ohqjwk e| Jurvvpdq dqg
Khospdq +4<<4,/ zh uhvwudlq iurp glvfxvvlqj wkhp khuh dqg zh irfxv rq
wkh vhfrqg jurxs ri glvwruwlrqv1 Wkhvh duh lqkhuhqw wr wkh sodqw orfdwlrq
fkrlfhv1 Iluvw/ wkhuh duh whfkqrorjlfdo vslooryhuv iurp surgxfwlrq sodqwv
wr U)G odev1 Zkhq jrlqj pxowlqdwlrqdo/ upv gr qrw dfnqrzohgjh wkh
orvv wkh| suryrnh wr wkh PLG lq whupv ri iruhjrqh srvlwlyh h{whuqdolwlhv
dqg orzhu jurzwk udwh +jurzwk hhfw,1 Iurp wkh srlqw ri ylhz ri wkh glv0
wulfw/ wklv sxoov wrzdugv wrr pxfk IGL dw wkh pdunhw htxloleulxp1 Vhfrqg/
upv gr qrw xqghuvwdqg wkh lpsdfw ri wkhlu sodqw orfdwlrq ghflvlrqv rq
wkh zhdowk ri shrsoh lq wkh glvwulfw1 Pruh suhflvho|/ e| +4:, pruh IGLv
dxjphqw zhdowk e| lqfuhdvlqj wkh ydoxh ri wkh lqlwldo vwrfn ri eoxhsulqwv
+zhdowk hhfw,1 Wklv sxoov wrzdugv lqvx!flhqw IGLv1 Wklug/ wkhuh duh
shfxqldu| h{whuqdolwlhv/ gxh wr wkh suhvhqfh ri lqfuhdvlqj uhwxuqv dqg
wudgh frvwv1 Zkhq uhorfdwlqj/ upv dhfw wkh lqwhqvlw| ri frpshwlwlrq/
exw wkh| qhjohfw wklv hhfw +frpshwlwlrq hhfw,1 Lq sduwlfxodu/ wkh| gr
qrw uhdol}h wkdw IGL lqfuhdvhv wkh PLG sulfh lqgh{ dqg wkhuhiruh shqdol}h
orfdo frqvxphuv1 Djdlq/ wklv fdxvhv wkh pdunhw wr ryhusurylgh IGLv16
Wkhvh wkuhh hhfwv fdq eh vlqjohg rxw e| dssursuldwh zhoiduh dqdo|0
vlv1 E| fdofxodwlqj +4, lq vwhdg| vwdwh/ zh fdq zulwh wkh lqgluhfw xwlolw|
6Wkh h{dfw sulfh lqgh{ iru wkh lqvwdqwdqhrxv Free0Grxjodv xwlolw|  rz hqfdsvx0
odwhg lq +4, lv jlyhq e| ^@+  4,`￿i^ . +4 ,`Qj￿@+4￿￿,1



























zkhuh } lv wkh vwhdg| vwdwh jurzwk udwh vkrzq lq +4;, zklfk dovr ghshqgv
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+55,
Wkh wkuhh whupv rq wkh uljkw kdqg vlgh ri +55, uhihu/ uhvshfwlyho|/ wr
wkh jurzwk/ zhdowk dqg frpshwlwlrq hhfwv dqg kdyh wkh h{shfwhg vljqv1
Wr dvvhvv wkh ghvludelolw| ri wkh pdunhw frpelqdwlrq ri h{sruwv dqg
IGLv lq whupv ri PLG zhoiduh/ zh kdyh wr vljq +55, dw wkh htxloleulxp
ydoxh ri  jlyhq e| +4<,1 Krzhyhu/ ehfdxvh wkh uhvxowlqj h{suhvvlrq lv wrr
frpsoh{ wr surylgh dq| ydoxdeoh dqdo|wlfdo lqvljkw/ lw lv xvhixo wr orrn dw
wkh qxphulfdo h{dpsohv vxppdul}hg lq Wdeoh 41 Wkh uvw urz/ zklfk zh
wdnh dv d ehqfkpdun fdvh/ suhvhqwv d qxphulfdo h{dpsoh zkhuh/ dv vkrzq
e| wkh odvw froxpq/ wkh glvwulfw zrxog ehqhw iurp d pdujlqdo uhgxfwlrq
lq / wkdw lv/ e| dq lqfuhdvh lq wkh uhodwlyh qxpehu ri pxowlqdwlrqdov/ zlwk
uhvshfw wr wkh pdunhw rxwfrph1 Wkh rwkhu urzv vkrz krz wkh uhvxowv duh
vhqvlwlyh wr fkdqjhv lq sdudphwhu ydoxhv1 Txlwh lqwxlwlyho|/ wkh PLG jdlqv
iurp pruh IGLv li wkh zhoiduh orvvhv wr frqvxphuv iurp vorzhu jurzwk
dqg zhdnhu frpshwlwlrq duh rvhw e| wkh jdlq lq whupv ri kljkhu zhdowk1
Wklv lv wkh fdvh li frpshwlwlrq lv vwurqj dq|zd| +j odujh,/ li frqvxphuv
fduh olwwoh derxw wkh glhuhqwldwhg jrrg +k vpdoo, dqg derxw wkh ixwxuh
+4 odujh,/ li wkh surgxfwlylw| ri oderu lq lqqrydwlrq lv orz +# odujh,/ li
wkh joredo pdunhw lv vpdoo +u vpdoo, dqg li wkh orfdo pdunhw lv qhjoljleoh
+b vpdoo,1 Xqghu rssrvlwh flufxpvwdqfhv/ wkh glvwulfw zrxog lqvwhdg jdlq
iurp d uhgxfwlrq ri IGLv lq idyru ri pruh orfdo surgxfwlrq dqg h{sruwv1
Pruh lqwhuhvwlqjo|/ wkh rswlpdo pl{ ri qdwlrqdo dqg pxowlqdwlrqdo
upv ghshqg rq wkh ohyho ri eduulhuv wr wudgh dqg IGL1 Li vxfk eduulhuv duh
odujh + odujh dqg D vpdoo,/ wkhq ghfhqwudol}hg ghflvlrq pdnlqj jhqhudwhv
wrr ihz h{sruwv dqg wrr pdq| IGLv +YT*Y : f,/ zkloh wkh uhyhuvh lv
wuxh zkhq wkh hfrqrp| ehfrphv pruh lqwhjudwhg +YT*Y 	 f,1 Wkxv/
49wkh prgho vxjjhvwv wkh lqfdsdelolw| ri wkh PLG wr fkrrvh wkh ehvw pl{
ri h{sruwv dqg IGLv lq rughu wr shqhwudwh iruhljq pdunhwv1 Dv wkh hfrq0
rp| jhwv pruh dqg pruh lqwhjudwhg upv wxuq iurp wrr pxfk iruhljq
lqyhvwphqw wr wrr pxfk h{sruwdwlrq1
Wklv uhvxow fdq eh h{sodlqhg lq whupv ri wkh wkuhh diruhphqwlrqhg
h{whuqdo hhfwv1 Lq jhqhudo/ gxh wr whfkqrorjlfdo vslooryhuv/ pruh orfdo
sodqwv duh jrrg iru jurzwk1 Krzhyhu/ ehiruh gudzlqj zhoiduh lpsolfd0
wlrqv/ zh kdyh wr wdnh lqwr dffrxqw dovr wkh frpshwlwlrq dqg zhdowk
hhfwv1 Zkhq eduulhuv duh kljk/ krph dqg iruhljq pdunhwv duh hvvhq0
wldoo| lvrodwhg vr wkdw lw pdnhv d kxjh glhuhqfh iru frpshwlwlrq lqvlgh
wkh PLG zkhwkhu d up jrhv pxowlqdwlrqdo ru qrw1 Ehfdxvh wkh orfdo
pdunhw lv surwhfwhg djdlqvw fkhds uhlpsruwv iurp iruhljq sodqwv/ frp0
shwlwlrq zrxog eh pxfk zhdnhu lq wkh iruphu fdvh wkdq lq wkh odwwhu1
Lq rwkhu zrugv/ zlwk kljk eduulhuv wkh frpshwlwlrq hhfw lv vwurqj dqg
frqvxphuv lq wkh glvwulfw zrxog olnh wr kdyh pruh orfdo surgxfwlrq wkdq
zkdw wkh| jhw dw wkh pdunhw htxloleulxp1 Rq wkh frqwudu|/ zkhq eduulhuv
duh orz/ iurp wkh srlqw ri ylhz ri frpshwlwlrq dqg jurzwk wkh orfdwlrq ri
sodqwv lv doprvw lppdwhuldo1 Wkh vwurqjhvw hhfw lv qrz rq wkh zhdowk ri
wkh glvwulfw1 Wkdw lv zk|/ iru orz eduulhuv/ wkh glvwulfw froohfwlyho| idyruv
IGLv ryhu h{sruwv1
8 Frqfoxvlrq
Pdq| h{whuqdo hhfwv duh lqkhuhqw wr wkh yhu| qdwxuh ri d PLG dqg/
wkxv/ lqglylgxdoo| udwlrqdo ghflvlrqv e| lwv upv duh xqolnho| wr pds lqwr
froohfwlyho| h!flhqw rxwfrphv iru wkh glvwulfw dv d zkroh1
Zh kdyh dqdo|}hg rqh sduwlfxodu fkrlfh wkdw ehfrphv fuxfldo dv wkh
PLG idfhv dq hfrqrplf hqylurqphqw zkhuh jrrgv dqg idfwruv duh lqfuhdv0
lqjo| preloh1 Lw lv wkh fkrlfh ehwzhhq h{sruwv dqg IGLv dv d phdqv wr
shqhwudwh glvwdqw pdunhwv1 Zh kdyh srlqwhg rxw wkdw surw vhhnlqj eh0
kdylru e| upv grhv qrw wdnh lqwr dffrxqw uhohydqw h{whuqdo hhfwv wkdw
lq xhqfh wkh zhoiduh ri wkh glvwulfw1 Gxh wr orfdo whfkqrorjlfdo vslooryhuv
iurp sodqwv wr U)G odev/ wkhlu fkrlfh wr ghorfdwh wkhlu surgxfwlrq idflol0
4:wlhv deurdg vorzv grzq wkh sdfh ri lqqrydwlrq +jurzwk hhfw,1 Pruhryhu/
lw uhod{hv wkh frpshwlwlrq dprqj orfdo surgxfhuv wr wkh frqvxphu vxusoxv
ghwulphqw +frpshwlwlrq hhfw,1 Rq wkh rwkhu kdqg/ iru wkh vdph uhdvrq/
lw lqfuhdvhv orfdo zhdowk +zhdowk hhfw,1
Zh kdyh vkrzq wkdw/ iru kljk wudgh dqg IGL eduulhuv/ wkh plvfdo0
fxodwlrq e| upv ri jurzwk dqg frpshwlwlrq hhfwv grplqdwhv wkh rqh
ri wkh zhdowk hhfw vr wkdw wkh pdunhw rxwfrph ryhusurylghv IGLv dqg
xqghusurylghv h{sruwv1 Wkh uhyhuvh lv wuxh zkhq revwdfohv wr wudgh dqg
IGL duh orz1 Lq dq| fdvh/ ghfhqwudol}hg ghflvlrq pdnlqj e| upv uhvxowv
lq vxerswlpdo fkrlfhv iru wkh glvwulfw dv d zkroh1
Wkhvh uhvxowv fdoo iru dgglwlrqdo uhvhdufk1 Vlqfh zh kdyh prghohg dq
hfrqrp| zkhuh wkhuh lv rqo| rqh PLG wkdw vxssolhv wkh zruog pdunhwv/ d
qdwxudo h{whqvlrq zrxog eh wr lqyhvwljdwh wkh fdvh ri frpshwlqj glvwulfwv1
Wklv zrxog uhyhdo wkh fuxfldo lpsruwdqfh ri wkh lqwhuqdo frkhvlrq ri wkh
PLG1 Zkloh wklv frkhvlrq lv olnho| wr ghshqg rq hfrqrplf idfwruv +h1j1/ wkh
w|sh ri jrrgv surgxfhg/ wkh lqsxw0rxwsxw vwuxfwxuh ri qhwzrun uhodwlrqv/
wkh qdwxuh dqg lqwhqvlw| ri vslooryhuv,/ qrqhfrqrplf idfwruv +h1j1/ wkh
krprjhqhlw| ri wkh v|vwhp ri ydoxhv/ wkh lqwhqvlw| ri vrfldo lqwhudfwlrqv/
wkh surshqvlw| wr mre wxuqryhu, zrxog dovr eh fhqwudo +Vd{hqldq/ 4<<7,1
Dv vxjjhvwhg e| Vrxeh|udq dqg Wklvvh +4<<<,/ prgholqj wkhvh odwwhu
idfwruv zrxog uhtxluh wkh lqwhjudwlrq ri pruh vrflr0hfrqrplf yduldeohv
lqwr wkh dqdo|vlv srvvleo| dorqj wkh olqhv gudzq e| Judqryhwwhu +4<;8,
dqg Frdwh dqg Udydloorq +4<<6,1
Uhihuhqfhv
^4` Ehoodqgl/ P1 +4<;<, Wkh lqgxvwuldo glvwulfw lq Pduvkdoo1 Lq H1 Jrrg0
pdq dqg M1 Edpirug/ hgv1/ Vpdoo Ilupv dqg Lqgxvwuldo Glvwulfwv lq
Lwdo| +Orqgrq= Urrwohgjh,1
^5` Ehuwrod/ J1/ 4<<6/ Prghov ri hfrqrplf lqwhjudwlrq dqg orfdolvhg
jurzwk1 Lq I1 Wruuhv dqg I1 Jldyd}}l/ hgv1/ Dgmxvwphqw dqg Jurzwk
lq wkh Hxurshdq Xqlrq +Fdpeulgjh= FHSU dqg Fdpeulgjh Xqlyhu0
vlw| Suhvv,1
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wkh wkhru| ri lqwhuqdwlrqdo wudgh/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv
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+Sdulv= RHFG,1
^4:` Sruwhu/ P1 +4<<3, Wkh Frpshwlwlyh Dgydqwdjh ri Qdwlrqv +Qhz
\run= Iuh Suhvv,1
^4;` S|nh/ I1/ E1 Ehfdwwlql dqg Z1 Vhqjhqehujhu +4<<3, Lqgxvwuldo Glv0
wulfwv dqg Lqwhu0up Frrshudwlrq lq Lwdo| +Jhqhyd= Lqwhuqdwlrqdo
Lqvwlwxwh iru Oderxu Vwxglhv,1
^4<` Urphu/ S1 +4<<3, Hqgrjhqrxv whfkqrorjlfdo fkdqjh/ Mrxuqdo ri Sr0
olwlfdo Hfrqrp| <;/ V:40V4351
^53` Vdeho/ F1 +4<;;, Ioh{leoh vshfldol}dwlrq dqg wkh uhhphujhqfh ri uh0
jlrqdo hfrqrplhv1 Lq S1 Kluvw dqg M1 ]hlwolq/ hgv1/ Uhyhuvlqj Lqgxv0
wuldo GhfolqhB Lqgxvwuldo Vwuxfwxuh dqg Srolf| lq Eulwdlq dqg Khu
Frpshwlwruv +R{irug= Ehuj,1
^54` Vdeho/ F1 dqg M1 ]hlwolq +4<;8, Klvwrulfdo Dowhuqdwlyhv wr Pdvv Sur0
gxfwlrq= Srolwlfv Pdunhwv dqg Whfkqrorj| lq Qlqhwhhqwk Fhqwxu|
Lqgxvwuldol}dwlrq/ Sdvw dqg Suhvhqw 43;/ 46604:91
^55` Vdpxhovrq/ S1 +4<87, Wkh wudqvihu sureohp dqg wudqvsruw frvwv/ LL=
Dqdo|vlv ri hhfwv ri wudgh lpshglphqwv/ Hfrqrplf Mrxuqdo 97/ 5970
5;<1
^56` Vd{hqldq/ D1 +4<<7, Uhjlrqdo Dgydqwdjh= Fxowxuh dqg Frpshwlwlrq
lq Vlolfrq Ydooh| dqg Urxwh 45; +Fdpeulgjh +Pdvv1,= Kduydug Xql0
yhuvlw| Suhvv,1
^57` Vfrww/ D1M1 +4<;;, Qhz Lqgxvwuldo Vsdfhv +Orqgrq= Slrq,1
^58` Viru}l/ I1 +4<<3, Wkh txdqwlwdwlyh lpsruwdqfh ri Pduvkdooldq glv0
wulfwv lq wkh Lwdoldq hfrqrp|1 Lq I1 S|nh/ E1 Ehfdwwlql dqg Z1 Vhq0
jhqehujhu/ hgv1/ Lqgxvwuldo Glvwulfwv dqg Lqwhu0up Frrshudwlrq lq
Lwdo| +Jhqhyd= Lqwhuqdwlrqdo Lqvwlwxwh iru Oderxu Vwxglhv,1
53^59` Vrxeh|udq/ D1 dqg M10I1 Wklvvh +4<<<, Ohduqlqj0e|0grlqj dqg wkh
ghyhorsphqw ri lqgxvwuldo glvwulfwv/ Mrxuqdo ri Xuedq Hfrqrplfv 78/
48904:91
^5:` Whhfh/ G1M1 +4<::, Whfkqrorj| wudqvihu e| pxowlqdwlrqdo upv= Wkh
uhvrxufh frvw ri wudqvihuulqj whfkqrorjlfdo nqrz0krz/ Hfrqrplf
Mrxuqdo ;:/ 57505941
^5;` Zdo}/ X1 +4<<9, Wudqvsruw frvwv/ lqwhuphgldwh jrrgv/ dqg orfdol}hg
jurzwk/ Uhjlrqdo Vflhqfh dqg Xuedq Hfrqrplfv 59/ 9:409<81
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